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THE SYNIHESIS OF PHENYLIRINLTROMETHANE AND ITS PROPERTIES

A. I. Titov, V. V. Smirnov

There is no doubt that the activity of organic substences toward electro-
phylic nitrating agente, during their change into complexes, ions, or isomeric
forms, will be lowered when the nucleophilic quality of the particles is lov-
ered during these changes and will be increased when the nucleophilic quality
is increased.

In accordance with this condition, it was shown in our previous work thet
formation of complexes of aromatir substances with stiong protonic and cprotonic
acids, as, for example CGHSNOZ.B?SOh, 06H N02.A101 , leads to the lowering of

their chemical activity in nitration (1,2). The reverse effect -- inerease of
activity -- may be expected in the formation of complexes of organic substances
with bases, as with water, for e: aple:
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- + - .i

pense of the interaction with enions: CgHsCOOH...M03, CeH5SORH.. JS0,H.

An even greater increase in activity toward nitrating agents may be ex-
pected as a result of the ionization of organic acids, i. e., their transition
into anions: CGHSO_’ CGHSC02’ 06HSSO3 .

Possible transformations of & compound of a similar type in sphere of re-
action may be represented as follows in the case of benzylsufonic ascid:

32301& HO
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If we consider these transformations and thtir effect on activity of the
aromatic nucleus toward nitrating agents, then it is not surprising that the
rate of nitration of aromatic acids in anhydrous sulfurie acid increases 10-

20 times after addition ~f small quantities of water. The nitration rates of
aromatic substances, reacting only with acids but lacking ionogenic hydrogen,
such as nitrocompounds, are increased only three times in this case.(2) Further
additions of water sharply lower the concentrati-n of the active nltrating agent,
the nitronium cation, and, therefore, cause a decrease in the remction rate.

The ideas developed, along with several theoretical considerations, led us
to the conclusion that aromatic substancee which have an acidic nature in suf-
ficiently diluted nitric acid enter the nitrat.on reaction exclusively in the
form of anions. Thir condition was proved experimentally -or the nitration
of nitrophenols. It was first shown that nitrophenols are nitrated with dilute
nitric acid through an intermediate reaction with nitrogen dioxide. It was
further found that they react very slowly with nitrogen dioxide when lacking a
possibility for electrolytic dissoclation, for example, in only polar carton tet-
rachlorid.e(§ s 2.2), in vwhich o-nitrophenol typically forms an almost colorliess
solution. The action of nitrogen dioxide on colored solutions of nitrophenol in
polar nitromethane (€ = 39.4) ied to rapid nitration on heating. Finally, the
reaction between nitrogen dioxide and nitrophenolates of alkali metals which
definitely have an ionic structure took place practically instantareously. All
of these experiments force us to acknowledge the fact that nitration in dilute
acid takes place through the interaction of nitrogen dioxide and nitrophenol
anfons by the scheme:

(NO) pCEH30 +  Hp0 = (H0)pCaH307 + 130+

W2 belleve that nit - .ion of the N0, anion takes place accord’ag to the mechan-
ism presented in our previous report.(l)

Clarification of the role of ionlzation allowed us to understand the para-
dox of the change in the rate o. nitration of the puraffinic chain with idtric
acid in the presence v. nitrogen dioxide in the serles CeHicCHy, C6H5CH2N02,
CstsCH(NOQ)a; ‘in the transition from toluene to phenylnitrométhane, the re-

action rate decreased sharply, almost to zero, but, after introduction of the
second nitro group, It sharply increased. The principal reaction product in the
latter case turned out to be the previously unknown phenyltrinitromethane.

The nitration rate of the side chair of toluene is determined by the re-
action (5) C6H5CI{2 -H 4+ N02‘4CGH5CH2. + HNOE. In brief, the veloeity of this

reaction depends on the stability of the fcrmed radical and the nucleophilic
character <f the detached h)lrogen. The nucleophilic character of hydrogen will
be lowered when a nitro group is introduced, which agrees with our observation
of the great decrease of the altration rate with N0z in the transition from tol-
vene to er-nitrotoluene under preservation of the type of reaction mechanism (1).
This circumstance explains the irerciess of prenylnitromethane . f, - (i q.d;) but

Znos
CaH5CE

)i
+da
the activity of phenyldinitromethane detected by us, should, it seems, be in di-
rect contradiction with this influence of the nitro group and with the knowt
rules of nitration of dinit.o derivatives in the nueleus.

The contradiction is explained if it is tuken into account that the pnenyl-
dinitromethane, possessing an acidic character, dissociates to some extent in
dilute nitric acid and enters the reactior -ith No2 in the form of a more nucleo-
philic anion. The explanation now adv ced is bazed on a series of experiments.

DP80-00809A000700070609-7
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Thus, 1t was found that ‘phenyldinitrometﬁazie disgolves in carbon tetrachloride
without the cqlor which is typical for its anion, and in conformity with this y
does not react with nitrogen dioxide in tbis solvent, whereas the reaction pro-'
ceeds noticeably in nitromethane and very rapidly in colored pyridine
solutiona, in which, undoubtedly, there tavea place a «ugnificant
formation of the enion: CgHsCR(NOp)p + CgHeN T—=r ,CeisC(Mp)p 7 ~ +

+ @5I5IT§I_7 +. The reaction between nitroger dioxide and potassium phenyldini-
tromethane ,fisns(noa)gjx took place practically instantaneously on addition of

nitrogen dioxide .o an alkaline solution of phenyldinitromethane; in this case )
the nitration rate was of the same order as the hydrolysis rate of nitrogen
dioxide. All of these observations confirm the plausibility of our interpre=-
tations to the effect that the nitration of phenyldinitromethene by nitrogen
dioxide in an scid-water medium passes through an ioniration stage:

CelsCE(NOy Y, + Hy0 i [CgHsC(Nop 77 4 Hy0™

The fact that this process takes place is proved by the coloration of water
and alcohol solutions of phenyldinitromethane.

The nitration mechanism of this tyr of anions is explained by studying ihe
ceaction of nitrogan dioxide with potassium diphenylnitromethane CsHS)QCNO«JK.

It developed that the reection gives an almos. 1004 yield of the dinitro compound
(0635)26(1102)2 at 100° C and runs especially smcathly at O° C, giving the same

yield. This forces one to discard the nction o en intermediate formetion of the
(06B5)20N02 radical and to assume that in the primary reaction taking place here,

there is addition of NOp to the coordinatively unsaturated carbon:

0
.. Z
(cem )-g u/co_-}‘g}né (CeHs) c/N/\?‘)’“l“vo2 (Cati) 0 "o
= = . 5 ————
5/2 <0 ts_\o 5 2\}102 TNO5 65’2 ~yo

The formed racical anion, giving up its cpare electron to the second mole-
cule of NOz, becomes a dinitro compound. According toc the natiwre of its first
stage, this reaction must be regarded as an ion-complex process.

Froam the above, it follca: that the extreme members of CsﬂscH-%, C6350}{2N02,
and CsﬂscH(NOZ)E are nitrated by NO, In the paraffinic chain by different moch-
i anisms. Neither of " the two weys ls readily open to the middle member, and,
therefore, there is practically no reaction between phenylnitromethane and nitric
acid in the presence of N02.

In a solution of phenyldinitvomethane .. nltric acid of 1.5 spgr ur a
strong nitrating mivear~, formaticn of the auion [EGHEC(HOE)-7 is highly im
prcbable. The nitronium cation 5027 + arising under these condltions reacts
with an undissociated molecule of the .itrocompound in the aromatic ring to form
m~ta-nitrophenyldinitromethane. Hitration of phenyltrinitrometbane with a nitric
and sulfuric acid mixture results in the previously unknown meta-nitrophenyltri-
nitromethane, 650C mp.
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~ We also discovered that the aci~ form of phenylnitromethane enters into
reaction with nitrogen dioxide comparatively easily. The sctivity of the for-
mer is explained, as before, by & combination of coordinative unsaturation at
the alpha carbon and increased nucleophility, as well as trensition into a more
reactive anion:

s Lo ' Lo
CgH -CH = N_ +f 0 CcHe —CH = I _+Ho;i>i
5 SN 2206 o3
We shall describe some of the experiments on the nitration of phenyldini-

tromethane.

1. Nitration of Potassium Phenyldinitromethane

Nine grems of potassium salt of the dinitro compound with 20 ml of cc1u.
To this mixture, .t -12° G 6 ml of nitrogen dioxide in 10 ml of CCl, were added
with stirring. After treating the reaction mixture with water, a solutlon of
soda, and removing the solvent under vacuum, about 7 g of crude phenyltrinitro-
methane were obtained., For purification, the product was treated with 5 ml of
concentrated HySO, . After freezing the separated upper layer and filtering the
crystals with suclion, pure phenyltrinitromethane with + #.5°C mp was obtained.

Found %: N 18.81, 1870; MW ~ 225
CqH °6N3% Calcutated: N 18.5 MH = 227

dﬁ = 1.hoo2; ngo : 1.5375. MRp _ 50.52

‘ In conformity with the assumed constitution, the product yielded benzoic
acid when heated with concentrated HoSO, and thz potassium galt of phenyldini-
trometi:ane when heated with alcholic KCH.

Faenyltrinitromethane decomposes rather quickly, even at room temperature.
It is remarXable that when this happens/arstill later after standing in nitric
acid with nitrogen dioxide) th.s substance is transformed into para-nitrcobenzeic
acid, By introducing 5 g of the product to 2 mixture of 3 mwl of HNO, (sp gr 1.52)
and 6 ml of 20% oleum at a temperatwre of 40-b5° €, it turns into érystalline
meta-nitrophenyltrinitromethane. After a twofold recrystallization of the crude
product oblained from methanol, it melted at 65° C.

Found $: N 20.49
Cﬂhog“u Calculated $: N &U.58

In conformity with iLie assumed constitution, the product yielded meta-
nitroberzoic acid when heated with concentrated HpSOy and meta-nitrophenyldini-
tromethane, 122-123° C mp, when hea.ed with alcoholic KOH.

2. Resction of Phenyldinitromethane With NOp in Organic Solven:;

The reaction did .ot proceed roticesbly in CCly after many days of
standing, not after 3hr of heating 100°C in a sealed tube; in & solution of ni-
tropethane under the latter conditions, about 20% of the phenyldinitromethane
rescted. To learn the effect of pyridine, the following experiment wes carried
out. Two grams of phenyldinitromethane were dissolved in 2 ml of base, and the
resulting solution was quickly added under stirring to 6 ml of nitrogen dioxide
in 20 ml of CCly. By means of the previously described treatment, 1.1 g of
crude phenyltrinitromethane were obtained; about 0.7 g of phenyldinitromethane
was recovered from the soda extract.
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3. Nitration of Fhenyldinitromethane With Nitric Aeid

) A mixture of one gram of phenyldinitromethane and 10 ml of nitric acid
of 1.4 spgr containing oxides of ritrogen, was left standing for 1C days. After
dilution with water and addition of CCly, 0.32 g of nara-nitrobenzoic acid was
filtered off. This is the conversion product of a part of the phenyltrinitrome-
thane. that is formed under these conditions. A total of 0.60 g of phenyltrini-
tromethane was obtained from the CCly extract after distilling the solvent.

3
x
3
N
1

.With no oxides of nitrogen present, no reacticn was observed even after
gtanding for 2 months.
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